Abstract
Introduction

45
Information on biodiversity composition is essential to understand the ecological and spatial heterogeneity (Bahram et al., 2015 (Bahram et al., , 2016 , the investigation of fungal diversity 57 over large spatial scales, such as landscape (tens of km) and regional scales (hundreds to 58 thousands of km) requires a significant amount of sampling effort, time for analysis, and 59 costs.
60
Recently, the availability of environmental DNA in river water for biodiversity 61 exploration has been discussed in several studies (Deiner et al., 2016 ; Nakagawa et al. the broad spatial diversity of fungi. However, no previous studies have investigated 86 fungal DNA assemblages in river water focusing on the spatial structure.
87
In the present study, we aim to investigate fungal DNA assemblages in river 88 water across branches over forest landscapes and clarify its spatial structure. In particular,
89
we investigate (1) whether fungal DNA assemblages are more similar within, rather than 90 between, river branches, and (2) whether fungal DNA assemblages show a spatial 91 structure that reflects geographical distance or environmental factors. 
Methods
95
Study sites and sampling
96
In the present study, the same water samples as Katano et al. (2017) were used. Study 97 sites are located in the headwater tributaries of the Ibo River in Hyogo, Japan (Fig. 1) .
98
Seven sites are located in the Akazai River (A1-A7) and twelve sites in the tributaries of The PCR conditions were as follows; an initial incubation for 2 min at 94°C followed by were purified using Agencourt AMPure XP (PCR product: AMPure XP beads = 1:0.8;
148
Beckman Coulter, Brea, California, USA) before the second PCR.
149
The second PCR amplified the first PCR amplicons using the primers (forward)
150
5′-AAT GAT ACG GCG ACC ACC GAG ATC TAC AC XXXXXXXX TCG TCG GCA
151
GCG TCA GAT GTG TAT AAG AGA CAG-3′ and (reverse) 5′-CAA GCA GAA GAC 
161
The indexed second PCR amplicons were pooled to make a library to be 
Bioinformatics
173
The procedures used for bioinformatics and data analyses followed those described 
178
This process was adopted rather than using FASTQ files demultiplexed by the Illumina
179
MiSeq default program to remove sequences whose 8-mer index positions included 180 nucleotides with low quality scores (i.e., Phred score < 30 Appendix, but the results did not differ among these analyses.
223
The variation of community composition of OTUs among sampling sites and the 
Results
268
Taxonomic assignment
269
In total, the filtered 175,101 reads from 19 samples were grouped into 1,956 OTUs with 270 97% sequence similarity (Table S1 ). In total, 770 OTUs were assigned as Ascomycota these previous studies.
327
The fungal OTU compositions in the studied landscape were more similar within 328 the same branch than between branches. This may be because some fungal DNA, which Otherwise, fungal DNA can be derived from areas closer to the river catchment area.
374
There is limited information available on the dispersal ability of fungi. However, a 375 previous study has reported that for terrestrial fungi, most spores fall within several Fig. S1 The relationship between the number of sequence reads and OTU numbers, i.e., 556 rarefaction curves for the samples. by nonmetric multidimensional scaling (NMDS) ordination (stress value = 0.1600).
560
Numbers are consistent with site numbers in Fig. 1 . among the catchment area (see Fig. 1 ) for 86.9% and 11.2%, respectively. 
